INTRODUCTION
It is well established that sex differences in bone growth and distribution are more pronounced than breed differences (Berg and Walters, 1983; Jones et al, 1984; Shahin et al, 1986) . Studies have shown that castration results in a relative decrease in the weight of bone in the proximal part of the fore and hind limbs and the ribs and a relative increase in the height at withers, depth of chest, length of bones, particularly in the distal parts of the limbs (Geddes, 1910 (Geddes, -1911 Hammond, 1932; Robertson et al, 1970; Brannang, 1971; Kay and Houseman, 1974) . These castration effects are due to reduction in androgen secretion with an accompanying effect on metabolism and growth (Dauzier, 1980; Galbraith and Topps, 1981; Davis et al, 1984; Hock et al, 1988) .
In spite of the existence of an extensive body of information on the effect of castration on daily gain, feed conversion, carcass composition, and meat quality, little is known about its effect on the growth of individual bones or bone groups and whether this is influenced by breed type.
To test the hypothesis that gender dimorphism in relation to bone structure of the carcass is similar among breeds, this study was designed to characterize the influence of breed-type, gender and breed type x gender interactions on bone growth and distribution.
MATERIALS AND METHODS
The study contained dissection data on 210 cattle, ie 119 (Harvey, 1975 As TSB increased the proportion of bone in the scapula, ribs and os coxa increased (b > 1; P < 0.05), the proportion of bone in the cervical vertebrae, humerus, radius and ulna, carpus, femur, patella, tibia and fibula decreased (b < 1; P < 0.005), and the proportion of bones in the lumber vertebrae, thoracic vertebrae and sternum remained relatively constant (b = 1; P > 0.05).
As TSB increased, the proportion of bone in the forequarter (b > 1; P < 0.05), while that in the pistol and hindquarter decreased (b < 1; P < 0.05) ( Jones et al (1978) . In HE, the earli-iest maturing breed type, the growth coefficient for the cervical vertebrae, the most anterior of the vertebral column was higher (b > 1 ) than that of the thoracic and lumbar vertebrae. Similarly, Kempster et al (1977) found that the cervical vertebrae and humerus tended to grow at a faster relative rate than total bone weight.
Gender effects
The effect of castration on bone growth and development may depend upon the age at castration. Hammond (1932) (Silberberg and Silberberg, 1971 ). Hammond (1932) reported that the ribs in bulls were more strongly developed and more markedly curved than those of steers. Brannang (1971) found that castration resulted in a relative decrease in the ribs and scapula. Jones et al (1978) found no significant differences between sexes in the relative growth rates of each bone relative to total side bone.
Bone weight distribution Breed effects
Comparisons of bone weight distribution have been made at the same weight of TSB. However, it is necessary to consider possible differences in maturity and mature weight of different breed types at the same TSB. The breed type which has reached the greatest degree of maturity at a standard TSB will have the relatively highest proportion of late developing bones or bone groups. Compared with other breed types, HE had proportionately more of their bone in the os coxa. Assuming that the os coxa is a late developing part, the differences between HE and other breed types would reflect differences in the stage of maturity, HE being of smaller mature size would be more mature when compared at the same total bone weight. Seebeck (1973) found that Africaner cross steers had relatively heavier ribs than Brahman crosses. Truscott et al (1976) found that Friesians had less bone in the thoracic region than Angus crosses. Berg et al (1978) found that at same total bone weight, small Herefored-sired bulls tended to have more of their bone weight in the thoracic and lumbar vertebrae whereas the larger Chianina, Charolais or Romagnola sired bulls were heavier in the hind shank. Differences in bone mineral concentration (bone density) could be another factor which is responsible for differences among breeds in bone distribution. Nour and Thonney (1988) (1978) found that at the same total bone weight, later maturing Charolais crossbreds had 8% heavier sternum than earlier maturing British beef types (P > 0.05). Shahin and Berg (1985) found that at the same TSB, double muscled bulls had a proportionately larger sternum than HE bulls. Hammond (1932) reported that later maturing breeds of sheep had longer sternums than earlier maturing breeds.
Gender effects
Castration leads to prologation of the process of epiphysial growth and to a disproportionate increase in the length of long bones (Hammond, 1932; Bradfield, 1967; Brannang, 1971; Silberberg and Silberberg, 1971; Kay and Houseman, 1974) . In the present study castration increased the development of the bones of the radius and ulna, femur and total long bones. Brannang (1971) found that the effect of castration on the length of bones was clearer than its effect on weights. He found that the length of the long bones was increased by castration but that their weight was decreased. It can be argued that most if not all of the differences between genders in these bones are directly due to testosterone production which is known to cause the epiphyses to unite with the diaphyses. Short (1980) (Gilsanz ef al, 1988) .
In steers, the growth coefficient of the patella was higher than that of any other bones in the hindlimb. The relatively higher growth coefficient of the patella in steers could be related to their heavier m quadriceps femoris (Shahin et al, unpublished observations) since the main function of the patella is to give increased lever power to this muscle. Seebeck and Tulloh (1968) reported somewhat similar findings in steers with normal growth followed by a period of weight loss before slaughter. They pointed out that this bone formed a higher proportion of TSB at the end of the weight loss phase in the larger than in the smaller animals.
The thoracic vertebrae were relatively better developed in steers than in bulls.
The reason for this is not clear. Geddes (1910) (1911) found that in mature human eunuchs, ossification of the cervical and lumbar vertebrae was complete, whereas that of the thoracic vertebrae was not.
Jones et al (1978) found no significant differences between bulls and steers in the weight of the thoracic vertebrae.
Bulls and steers in the present study tended to have similar proportions of bone in the os coxae, which agrees with the findings of Jones et al (1978) . Hammond (1932) pointed out that in sheep, if lambs are castrated soon after birth the pelvis of both the castrated male and the female was very similar at maturity. In cattle, Brannang (1971) found that the effect of castration was greatest in the pelvic bones. It seems more likely that the occurrence of gender differences in this bone depends upon the age at which castration took place and upon the age of the animal at slaughter (ie immature vs mature). However, Carroll et al (1963) 
